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Although it has been demonstrated that some
lipid-soluble vitamins, such as D and K, can
easily penetrate the skin (1—3), it has been stated
that there is no satisfactory evidence for the
percutaneous absorption of vitamin A in rats or
man (4).
Percutaneous absorption can be defined as the
penetration of substances into the skin and
through it into the blood stream. It is necessary
to consider whether vitamin A can be absorbed
into the circulation in this manner.
Certain skin disorders are characterized by an
increase in keratinization of the epithelium (5—9),
which appears to be related to the changes ob-
served in the skin of animals with experimentally
produced hypovitaminosis A (10—12). These
changes may be related to a local deficiency of
the vitamin rather than to a generalized de-
ficiency. Response to orally administered vitamin
A is obtained only following prolonged periods of
treatment with large doses (6, 9, 13—18). Treat-
ment with high doses of vitamin A, however,
can cause vitamin A poisoning. Especially im-
pressive was the case of an adult female who was
hospitalized 10 times over a period of 8/ years
before the correct diagnosis of vitamin A toxicity
was made (19). Topical application of a prepara-
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tion from which vitamin A is absorbed might
prove to be therapeutically effective in treating
some of these skin disorders while lessening the
danger of hypervitaminosis A. Such preparations
may also be useful where gastrointestinal absorp-
tion is defective or not feasible, as in some
surgical cases.
The purpose of this investigation is to deter-
mine whether vitamin A can be absorbed through
the skin of normal and "A"-depleted animals, as
measured by the liver and kidney storage and
growth response, and to study the histological
changes, if any, brought about in the local area
where the vitamin was applied
MATERIALS AN]) REAGENTS
A. Ointments and Lotions*
The formulae of the various preparations used
are as follows:
Ingredients
D-Oint- D-Oint-ment L-Oint-
ment Fortified ment
Batch No 4D0435 53162 53163
% % %
Petrolatum
Lanolin
Benzoated Lard
Zinc Oxide
Talcum
Cod Liver Oil Chlo-
rinated
Cod Liver Oil
Methyl Parasept....
Neutralizer
Vitamin A
Tocopherols
L-Oint.
ment
plus
Tocoph-
erols
54164
%
nil
6.5
30.2
39.6
5.0
13.15
0.25
0.005
0.005
87.0
800
30.35
6.5
nil
39.5
5.0
13.2
0.3
0.007
0.008
30.4
6.5
nil
39.6
5.0
13.25
0.25
0 .00
0.00
zg/g
nil
6.5
30.4
39.6
5.0
13.15
0.25
0.005
0.005
87.070—150 600—900
* The D-ointments, L-ointments and D-lotion
employed in this study were supplied by the Desi-
tin Chemical Company of Providence, R. I. The
D-ointment and D-lotion are commercial prep-
arations marketed under the company trade
mark. The D-ointment-fortified, the L-ointment
and the L-ointment plus tocopherols were spe-
cially prepared for these studies.—The E-oint-
ment was an experimental preparation made by
the Endo-Corporation of Richmond Hill, N. Y.
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The D-ointment-fortified used in the majority
of these studies was prepared by the addition of
0.2% of a 1—1.5 million LU. gm/solution of vita-
min A acetate. Studies reported in Tables I and
IV were done with a similar preparation contain-
ing 0.3% of the vitamin A acetate.
The D-lotion employed in these studies was a
commercial preparation of the following compo-
sition:
Lime Water 30% Span 60 5%
Carboxymethyl 10% Tween 60 2.5%
cellulose
Magnesium 11% Glycerin 0.4%
Carbonate
Zinc Oxide 4% Astrotone 0.1% of
10%
tincture
Tegosyst P 0.05% Perfume 0.1%
Tegosyst M 0.15% Water 100%
Cod Liver Oil 5% Vitamin A 34 pg/gm
Propylgallate 0.1%
The composition of the E-ointment is given
below:
Propyl
paraben
Polyglycol
E 6000
Water
Vitamin A 600 pg/gm
Stronger rose water, q.s. to perfume
B. Oils
All oral and topically applied vitamin A in oil-
preparations were made in the laboratory using
vitamin A acetate. The corn oil preparations were
dilutions of a standard solution of 1.5 million I.
U./g of vitamin A acetate in corn oil.* The corn
oil used for dilution was obtained from Fisher
Scientific Co., N. Y. The cottonseed oil prepara-
tions were dilutions of a standard solution of 1
million I.U./g of vitamin A acetate.
Stability of vitamin A. All ointments, lotions,
and oils were analyzed before and after the 28
day period of application. During the period of
study, they were kept under refrigeration. No
appreciable decline in vitamin A content was
noted during this period, as shown below:
*Media Before/Lg/g
After
pg/g
Table I
D-ointment (fort) 753 732
Table III
D-ointment 41.4 40.0
D-ointment (fort) 753 734
Desitin lotion 9.6 9.6
Oil (Cottonseed) 33.5 33.5
Tween-H2O 65.4 64.6
Table IV
D-ointment 87.5 83.5
D-ointment (fortified) 711 711
L-ointment 92.7 87.5
L-ointment (tocopherols) 87.5 72.0
Table V
E-ointment 604 582
D-ointment 711 680
D-lotion 34.5 34.5
Table VI
Cottonseed Oil 390 358
Corn Oil 393 376
All oral oils contained 11.7 to 11.3 pg/mi. No
decomposition was noted during the studies.
* The media are classified with respect to their
occurrence in the experimental tables, to be con-
sidered later.
EXPERIMENTAL
To ascertain whether vitamin A can be trans-
ferred through "A"-deficient skin, the storage of
vitamin A in the liver and kidney tissue, the level
of the vitamin in the blood serum, and the growth
response of "A"-depleted albino rats were deter-
mined after 28 days of topical application of vita-
min A.
The animals used were litters of an inbred
strain of Wistar albino rats, born of healthy dams
raised on Bifi's stock diet (20). At the age of 21
days, the animals were weaned, placed on a vita-
min A test diet (U.S.P.XIV),* and weighed
daily until the body weight remained stationary
for 7 days and/or xerophthalmia developed.
The day before complete depletion occurred,
a 3 cm2 area of skin in the scapular region was
Tween 80
Tween 85
Atlas G 967
monoglyceride
Methyl paraben
17%
4%
17%
0.2%
0.05%
12%
50%
* Specially prepared for us by Hoffmann-La * Obtained from General Biochemicals, Inc.,Iloche, Inc. of Nutley, N. J. Chagrin Falls, Ohio.
shaved with a safety razor (Fig. 1). At depletion,
a vitamin A preparation was applied onto the
skin surface. The area of application was covered
with cotton wool and a white cardboard shield
(Fig. 2). This "pack" was secured in place with
strips of gauze bandage and adhesive tape that
formed a "figure 8" pattern under the forelegs,
across the thorax, and was attached at the back
(Fig. 3).
Daily application of the vitamin contained in
either 0.3m1 of oil or 0.3 gm of ointment or lotion,
was made directly onto the skin under the "pack"
(Fig. 4). Gentle pressure was then exerted on the
"pack" to ensure even distribution of the prepa-
ration. The "packs" were replaced at weekly in-
tervals, since the animals grew and became
physically active after remission of vitamin A
deficiency. Precautions were taken with the appli-
cation and the attachment of the "pack" to in-
sure that the vitamin A-containing material was
not ingested. Each animal was housed in a sepa-
rate cage. The animal was discarded if the "pack"
was torn or ripped off. Usually, however, the
rats tolerated the "pack" without trying to re-
move it. Only during the first week did some of
the animals make any vigorous attempt to re-
move the device. Oral preparations of vitamin
A were administered via stomach tube.
All the animals were weighed daily, and at the
end of the 28 day experimental period, they were
sacrificed by phlebotomy of the left jugular vein
while under light ether anesthesia. Vitamin A
determinations were made on the blood serum
employing the activated glycerol dichlorohydrin
method of Sobel and Snow (21), and on the liver
and kidney tissue using a modification of the
Bessey method of xylene-kerosene extraction (22).
Finely minced liver and kidney tissue, weighed
and cleansed of extraneous fat and connective
tissue was placed in a 125 ml flask containing 1 N
alcoholic KOHl (5 ml/gm tissue). The tissue was
refluxed with the base on a boiling water bath for
20 minutes or until a homogeneous solution re-
sulted. Sufficient distilled water was then added
to bring the total volume up to 50 or 100 ml in
volumetric flasks. Aliquots of the saponified mix-
ture were extracted with portions of a 1: 1 mix-
ture of xylene, C.P. and kerosene, C.P. in all glass
extraction tubes. The final volume contained a
concentration of 0.5 to 3.0 pg/ml of vitamin A.
The light absorption of the final dilutions were
read in a Beckman B U Spectrophotometer at
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FIG. 1. The day before depletion, a 3 em2 area of skin in the scapular region is shaved with a safety
razor (X .39).
.7.
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FIG. 2. The area of application is covered with cotton wool and a white cardboard shield (X .39)
FIG. 3. The "pack" is secured in place with strips of bandage and adhesive tape that forms a "figure
8" pattern under the forelegs, across the thorax, and is attached at the back (X .39).
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FIG. 4. Daily application of vitamin A, contained in either 0.3 ml of oil or 0.3 gm of ointment or lotion,
is made directly onto the skin under the "pack". Gentle pressure is then exerted on the 'pack" to
massage the preparation into the skin (X .39).
328 mu against a xylene-kerosene blank. The
samples were then irradiated with ultra-violet
light for one hour to destroy the vitamin and the
blank reading for the individual samples deter-
mined by re-reading at the same wavelength.
The difference between the post-irradiation and
the pre-irradiation optical densities should be the
absorption spectra of vitamin A. The vitamin A
content of the liver and kidney mixtures was cal-
culated by reference to a standard curve, taking
into consideration the aliquot and dilution
volume. The indices of comparison were re-
coveries of a known amount of the vitamin from
the tissue mixture and the destruction by irradia-
tion of a known amount of vitamin A in a given
time.
Skin samples from each animal were taken for
histological examination from the treated scapu-
lar region and the untreated posterior dorsal area
of the back. These were placed in 10% formalin
(4% formaldehyde) for 24 hours and then trans-
ferred to 70% ethanol for storage. The samples
were sectioned in paraffin and stained with hema-
toxylin and eosin.
RESULTS
A. Vitamin A and Histological Changes
A preliminary investigation to ascertain if vita-
min A is transferred through the skin and can be
detected in the storage depots of the liver and
kidney has been presented previously (23). To
ascertain whether the "A"-defieient skin is
capable of transferring the vitamin into the or-
ganism over a period of weeks or whether it be-
comes resistant with time, we studied the growth
rate, accumulation of the vitamin in the liver
and kidney stores, and the level of "A" in the
blood serum of the rats. Initially, one animal was
sacrificed at the time of "A" depletion. Approxi-
mately 250 meg of vitamin A contained in the
petrolatum-lanolin based D-ointment-fortified
was then topically applied daily to the other vita-
min A-deficient rats, one of which was sacrificed
each week during a four week period. Skin sec-
tions from the treated and untreated areas of the
back were examined histologically for response
to the vitamin application.
Table I is a summary of the chemical findings,
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and Table II and Figures 5—12 refer to the histo-
logical observations. From Table I it is observed
that application of vitamin A to the skin of "A"-
depleted rats results in a progressive increase
in body weight, an accumulation of vitamin A in
the liver and kidney tissues, and the elevation of
blood serum vitamin. This evidence supports the
supposition that percutaneous absorption of vi-
tamin A occurs through "A"-deficient skin and
that this skin is capable of transferring the vita-
min into the organism at least for several weeks.
The histological observations presented in
Table II and Figures 5—12 are interesting. In the
TABLE I
Transfer of vitamin A through the skin of the
"A"-deficient albino rat
Diet
Dura-
tion of
Appli-
cation
(weeks)
Age at
Sacrifice
(days)
Gain5
in
Body
wt.
Vitamin
A Stnres
Liver
and
Kidney
pg/total
Serum
Vitamin
A
pg%
"A"-deficjant. 0 56 0 1.0 0
"A-deficient.. 1 63 —5 19.5 5
"A"-deficient.. 2 70 12 22.0 39
"A"-deficient. . 3 77 41 110.0 23
"A"-deficient.. 4 84 70 86.5 28
Stock — 56 — 68.4 32
Stock — 84 112 172.5 64
* Gain in body weigbt from time of depletion of
vitamin A
Note: "A"-deficient animals were given the
topical application of 250 pg vitamin A/day
contained in the D-ointment-fortifiad.
animal sacrificed initially (when physical signs
of "A"-dcplction were maximal and chemical
analysis indicated absence of the vitamin in the
liver, kidney and serum), the skin showed a rela-
tively normal histological structure (Fig. 5). The
skin of the normal stock-fed littermate sacrificed
at the same time is shown for comparison in Fig.
6. With the exception of slightly less storage of
dermal fat and greater density of the connective
tissue, little or no difference was observed
between the skin of the depleted animal and that
of its normal littermate.
After one week of treatment with vitamin A,
there was little difference between the specimens
of skin from the site of application and the un-
treated control site of the same animal (Figs. 7
and 8). The very dense connective tissue and com-
plete loss of dermal fat, that characterize the
hypovitaminotic-A skin condition, appeared at
both treated and untreated sites. This seems to
indicate that vitamin A deficiency of the skin
does not occur in the rat until a week after the
physical signs of "A"-deficiency are manifested.
Some distinct differences in the histology of
the skin at the site of application can be seen by
the second and third week of treatment. On the
vitamin A-treated site, the epithelium is thick,
consisting of many layers of large cells. Mitotic
figures arc abundant in the stratum germi-
nativum and the hair bud is beginning its down-
ward growth (Fig. 10). In contrast, the untreated
control site of the same animal indicates that the
epidermis is capable of supporting few cells. Those
cells losing their nutritional support become
keratinized and slough (Fig. 9).
TABLE II
Histological analysis of skin of albino rats during topical application of vitamin A
Die
"A"-deficicnt
.Duration ol Ap-
plicatiou (weeks)
.
Age at Sacrifice
(days)
Histological Description of Skin
-
. .
Experimental site .control site
0 56 Normal Normal
"A-deficient 1 63 Deficient Deficient
"A" deficient 2 70 Partial restoration Deficient
"A"-deficient 3 77 Maximal restoration Deficient
"A"-deficient 4 84 Maximal restoration Deficient
Stock-fed — 56 Normal Normal
Stock-fed — 84 Normal Normal
Note: "A"-deficient animals were given the topical application of 250 pg vitamin A/day contained
in the D-ointment-fortified.
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FIG. 5. Normal control animal. Litter-mate control, 56 days old, normal diet, normal skin appear-
ance (X 90).
Fia. 6. A-depleted animal. Rat 56 days old. Signs of vitamin A-deficiency are maximal (severe xeroph-
thalmia and body weight loss). This is a relatively normal skin. (X 90).
By the fourth week, the site of application
shows hair in active growth. The dermis has its
usual component of fat. The skin appears normal
in every way (Fig. 12). On the other hand, the
untreated area in the same animal shows a
histological picture typical of a grossly "A"-
depleted animal (Fig. 11).
In this study and all the subsequent series
herein described, we observed that the restoration
of the "A"-deficient skin occurred only at the
site of topical application, irrespective of the con-
centration of the vitamin applied. This is in con-
trast to the restoration found with oral adminis-
tration of vitamin A. When a minimal amount of
"A" for growth and storage (lpg/day) is supplied
orally, no restoration of the skin is observed.
However, when higher amounts of "A" are fed
orally, causing high blood levels and liver storage,
4
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FIG. 7. One week after treatment, untreated site. Rat 63 days old. Note the very dense connective
tissue and complete loss of dermal fat that characterizes a hypovitaminotic A skin condition (X 140).
FIG. 8. One week after treatment, site of application. Rat 63 days old. Note some thickening of the
epidermis (X 140).
systemic restoration of the skin is found. These
results would suggest that vitamin A-deficient
skin is capable of utilizing the vitamin directly,
when "A" is topically applied.
B. The Effect of Media on Percutaneous Absorption
of Vitamin A
The studies on the chemical and histological
aspects of percutaneous absorption of vitamin A
through the skin of the "A"-depleted rat were
continued to ascertain if the media in which the
vitamin was applied had an effect upon the
storage in the liver and kidney, the growth rate,
and the amount of the vitamin found cir-
culating in the blood serum after 28 days. The
influence of media on the histological restoration
was also investigated. In these studies various
ointments, lotions and oils were utilized. These
a2- :-.,
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Fm. 9. Three weeks after treatment, untreated site. Rat 77 days old. The epidermis is capable of
supporting few cells. The cells lose their nutritional support, become keratinized and slough (X 100).
FIG. 10. Three weeks after treatment, site of application. Rat 77 days old. The epithelium is thick,
consisting of many layers of large cells. Mitotic figures are abundant in the stratum germinativum,
and the hair bud is beginning its downward growth (X 100).
included petrolatum-lanolin based ointments,
(D-ointment and D-ointment fortified), lard
based ointments (L-ointment and L ointment
plus tocopherols), lotions (D lotion), and cotton-
seed and corn oils. The amount of vitamin A
varied among the different media. A more com-
plete description of the various vehicles is pre-
sented in the section on Materials and Reagents.
The chemical results are tabulated in Tables III,
IV, V and VI; the growth curves in Figs. 14—17.
Tables III—IV illustrate conclusively that vita-
min A is absorbed through the skin of the "A"
depleted albino rat. In general it may be stated
that the higher the concentration of the vitamin
applied to the skin surface, the greater the storage
in the liver and kidney after 28 days. The absolute
•
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Fm. 11. Four weeks after treatment, untreated site. Rat 84 days old. This is a histological picture of
a grossly A-depleted animal (X 100).
Fro. 12. Four weeks after treatment, site of application. Rat 84 days old. Note active hair-growth.
The dermis has its usual component of fat, and the skin appears normal in every way (X 100).
amounts found stored in these tissues and the
utilization of the vitamin, as measured by the
increase in body weight, appear to be influenced
by many factors.
The age of the animals at the time of deple-
tion may influence the absolute amounts of the
vitamin stored in the liver and kidney tissue
after 28 days of application. From Tables IV and
IT, it will be noted that, when 30 zg of the vita-
mm was applied in D ointment, the storage was
23/2 times greater in the older litter (Table V)
after 28 days than in the litter whose average age
at the end of the study was 7 days younger (Table
IV). The reason for the difference in the ages of
these two groups was that the older group were
animals from three litters containing 7 animals
each. At the end of weaning, these animals were
heavier in body weight than the animals in litters
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TABLE III
Topical application of vitamin A in various media
Media No. ofAnimals "A" Appliedjzg/day
Age at Sacri-
fice (days)
Body Wt.() Gain* (.) 'A" StoresLiver & Kid-neyg/total Serum Ag%
46D-lotiont 4 5 85 142 28 0.9
D-ointment 2 10 87 149 20 0.1 6
Tween-H2O 4 10 89 164 41 0.9 3
Cottonseed Oil 4 10 89 173 47 2.9 30
D-ointment-fortified 4 250 85 158 62 21.9 42
Oral Cottonseed Oil 5 1 88 185 62 6.9 27
* Gain in body weight from time of depletion of vitamin A.
t Same bottle of lotion used throughout study.
Solution of 47% Tween 20, 47% 1120, and 6% cottonseed oil; duration of study—28 days.
TABLE IV
Topical application of vitamin A in various media to "A"-depleted rate
M Ia No. ofAnimals
"A" Applied
zg/day
Body Wt.
(gm.)
Gain*
(gm.)
"A" Stores
Liver &
Kidneyjig/total
Serum "A"
Mg%
D-ointment
L-ointment
L-ointmentplustocopherols
D-ointment-fortified
Oral Corn Oil
Oral Corn Oil
3
3
4
3
2
2
30
30
30
200
1
20
86
89
85
108
117
117
20
23
19
32
54
58
3.4
3.5
6.4
31.4
6.8
98.0
9
26
8
25
39
68
* Gain in body weight from time of depletion of vitamin A.
Mean age of litters at end of study—78 days.
TABLE V
Topical application of vitamin A
in various media
Media
No.
An,-
mals
,,
A-l'dp)ay
Body
Wt.
(gm.)
r(a )gm.
"A"
Stores
Liver &
Kidney
Serum
"A"
jig %
1)-lotiont... 6 10 150 31 8.1 46
D-ointment. 6 30 138 44 11.2 14
E-ointment. 6 175 138 38 169 62
Oral Corn
Oil 3 1 175 47 15.0 30
* Gain in body weight from time of depletion of
vitamin A.
f Fresh bottle of D-lotion used every two days.
Mean age of litters at end of study—85 days.
containing 10 or more animals. The heavier ani-
mals took longer to become depleted of their
stored vitamin A and were of a greater body
weight at the time of depletion than were the
animals from the larger litters. At the end of the
period of application, these older animals had a
higher blood serum "A" and a greater gain in
body weight than the younger animals. This
does not necessarily indicate that the skin of
the older animals was able to absorb the vitamin
with greater efficiency. The discrepancy may be
due to a lesser requirement for vitamin A by
the older group. The possibility that age and
weight of the animals may have an influence
upon transfer, storage and utilization of vitamin
A requires further study.
The medium in which vitamin A is admin-
istered has a fundamental influence upon the per-
cutaneous absorption and possibly the utilization
of vitamin A. This is illustrated in Table VI and
Fig. 17. When fed in corn oil, the storage of the
vitamin was found to be greater than when fed
in cottonseed oil, on comparing results after oral
administration of one j.sg of vitamin A/day for 28
days. When 100 ig of the vitamin was applied
topically, the animals receiving the application
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TABLE VI
The influence of media upon the percutaneous and oral absorption of vitamin "A" in
''A''-depleted rats
.Ia
.Vitamin A
big/day
No. of
Animals
Gain* in
0 (Y) t.g
"A" Stores Liver & Kidney Serum A
Mg%
pg/total .ig/g tissue
Corn Oil
Cottonseed Oil
Corn Oil
Cottonseed Oil
1-oral
1-oral
100-topical
100-topical
3
3
2
2
60
54
25
—1
12.0
6.8
42.0
10.0
1.1
0.8
8.0
1.5
15
21
37
22
* Gain in body weight from time of depletion of vitamin A.
Fin. 13. Four weeks after treatment, site of application. Effect of aqueous dispersion. Rat 91 days
old. Vitamin A plus Tween 20 was applied to the skin for 28 days. Note the extremely hypertrophjed
epidermis and the formation of deep epidermal pits. (X 100).
in corn oil grew well and showed good stores of
the vitamin. In contrast, the animals receiving
the vitamin in cottonseed oil did not grow and
had low storage in the liver and kidney tissues.
Stability of vitamin A in these preparations was
not a factor, as the vitamin concentration was
checked for periods as long as six months. It was
also established that these oils were not rancid.
Whether these differences are innate in the two
oils cannot be unequivocally established from the
data presented. What is seen however, is that
media do influence the absorption of vitamin A
across the skin. Although there appear to be little
chemical differences in the ultimate amounts
of the vitamin found stored after application in
the D-ointment, and in ointments in which
lard was substituted for petrolatum and lanolin
(Table IV), the physical appearance of the latter
group was quite different from the former.
Whereas the animals receiving the vitamin in
the D-ointment, with its petrolatum-lanolin base,
at the end of the study, were sleek, firm, healthy
animals with excellent hair growth, the animals
receiving lard applications were unhealthy. Their
fur was rough and matted, their muscle tone was
poor, and they sat or stood with their hindlegs at
a 30 degree angle to the midline of the body. The
area of skin where the ointment was applied
became irritated within the first few days of the
study. The new growth of hair under the "pack"
became matted, and adhered to the back. It was
painful for these animals to move or have appli-
cations made. In consequence, these animals
were very inactive and, usually, remained
CI-I0
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ORAL COTTONSEED OIL—.--
S-OINTMENT
D-OINTMENT(FORTIFIEOI
0-LOTION
COTTONSEED OIL •—.—
TWEEN-WATER
ORAL CORN OIL
E-OINTMENT
0-OINTMENT
0-LOTION OS 000
xx ,,)l
xxx
TIME IN DAYS
Fig. 14. Influence of media on growth of A-
depleted rats due to oral and percutaneous utiliza-
tion of vitamin A. Refer to Table III.
NO
0
ORAL CORN OIL —
0-OINTMENT 00050
D.OINTMENTIFQRTIFIED
L-OINTMNT
L-OINTMENTITOCOPHEROLSI.—..—
14
TIME IN DAYS
Fig. 16. Influence of media on growth of A-
depleted rats due to oral and percutaneous utiliza-
tion of vitamin A. Refer to Table V.
SI
TIME IN DAYS
14
TIME IN DAYS
Fig. 15. Influence of media on growth of A-
depleted rats due to oral and percutaneous utiliza-
tion of vitamin A. Refer to Table IV.
huddled in the corner of their cage. Thus, in
estimating the efficacy of a medium to transport
vitamin A across the skin, the influence of the
vehicle upon the skin structure must be con-
sidered.
A noteworthy example of a detrimental influ-
Fig. 17. Influence of media on growth of A-
depleted rats due to oral and percutaneous utiliza-
tion of vitamin A. Corn oil vs. cottonseed oil.
Refer to Table VI.
ence upon the skin structure was found when
vitamin A was applied to the skin in media
containing a water dispersant. In previous
studies (13), it was shown that vitamin A is
more readily absorbed from the gastrointestinal
tract, when fed in a water dispersing medium
than when fed in oil. To ascertain if a water
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dispersing medium facilitates percutaneous ab-
sorption of the vitamin, we investigated the
transfer of the vitamin in a medium containing
Tween 20. In Table V, it will be noted that the
animals receiving an application of E-ointment (a
Tween-based substance) stored considerably
more of the vitamin in the liver and kidney, and
had a higher serum "A" level at the end of the
study than did the animals receiving a similar
amount of the vitamin in D-ointment (Table IV).
On the basis of the chemical evidence alone, we
might have been inclined to state that the addi-
tion of an aqueous dispersant to a medium was
advantageous to the percutaneous absorption of
the vitamin. However, the histological studies
made on these two skins showed that this state-
ment must be qualified. Although the chemical
absorption of the vitamin probably was enhanced
by the addition of a small amount of water
dispersant to the media, the skin at the sites of
application showed pathological proliferation of
the epidermis, and formation of deep epidermal
pits (Fig. 13). Another group of animals to which
a 47% Tween 20 solution was applied showed
signs of skin irritation early in the study. The
storage of the vitamin and the serum levels were
very low at the end of the study, and the skin
showed phenomenal disorientation of structure.
These observations indicate that a medium,
even though it is efficient in carrying "A" across
the skin, should still be checked for its apparent
detrimental effect on the natural structure and
function of the skin.
DIscussIoN
One of the major functions of vitamin A in
biological systems is the maintenance of normal
epithelial structure. Hyperkeratosis of the skin
(hypertrophy of corneous layer of skin) as a result
of vitamin A deficiency has been observed in man
and experimentally produced in animals (5—12).
The process of hyperkeratosis in rats, induced
by vitamin A deficiency, was confirmed in our
studies by histological examination of skin
sections at weekly intervals (Fig. 5—12). An
interesting observation was made in our investi-
gations concerning hyperkeratosis in rat skin
caused by vitamin A deficiency. It was observed
that vitamin A deficiency of rat skin lags behind
other physical symptoms of hypovitaminosis A.
The animals sacrificed when physical signs (i.e.
cessation of growth and appearance of xeroph-
thalmia, etc.) of "A"-depletion were maximal
and chemical analysis indicated minimal storage
of the vitamin and absence of circulating vitamin
in the serum, showed normal skin structure.
This seems to indicate that obvious histological
changes characterizing vitamin A deficiency
develop less rapidly than physical symptoms and
chemical changes. It also appears that restoration
of normal structures of the "A"-depleted skin is
slower than the resumption of growth, remission
of xerophthalmia, etc.
It has been shown that the role of vitamin A
in the development of embryonic chick skin is
one of "induction." Weiss and James (24) found
that vitamin A treated skin in tissue culture
formed cuboid to columnar ephithelium, with
no (or aborted) keratin formation, in contrast to
squamous cell formation followed by keratiniza-
tion, and desquamation of untreated control
embryonic skin. It may be that the skin tissue
of the rat has an induction period before it
responds to changes in the supply of vitamin A.
In the rat, this induction period may be related
to the manner in which the basal cell utilizes
vitamin A for reproduction and perhaps to the
period in the life cycle of the tissue in which
the variation in the supply of vitamin A occurs.
Since vitamin A is required for the maintenance
of normal epidermis, and the presence of the
vitamin or B-carotene has never been chemically
demonstrated in human skin (25, 26), it may be
that the vitamin is present in a masked or conju-
gated form. It is known that vitamin A can exist
in a chemically undetectable form. However, our
studies seem to indicate that only the basal cell
requires vitamin A for the reproduction and
maintenance of normal skin. This may account
for the absence of the vitamin in the skin.
The present studies establish that the topical
application of vitamin A is as effective in relieving
hyperkeratosis as is the oral administration of the
vitamin. There are several decided advantages to
this fact, since smaller doses of vitamin A are
required in the topical application method. This
eliminates the dangers of vitamin A toxicity
inherent in an oral application method, involving
the administration of massive doses of the
vitamin (19).
Percutaneous absorption of vitamin A in the
albino rat is effective at the site of application
only and does not restore the normal architecture
of the skin at neighboring sites (Figs. 5—12). This
is in contrast to the systemic skin restoration
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found when adequate amounts of vitamin A are
orally administered to "A"-deficient rats. These
results suggest that the skin is able to directly
utilize topically applied vitamin A at the site of
application. The increased liver stores and blood
serum levels of "A" following topical administra-
tion of the vitamin indicates that percutaneous
absorption of vitamin A through the skin has
occurred. Systemic restoration of the skin fol-
lowing oral administration of "A" is probably
the result of a diffuse distribution of the vitamin
to peripheral areas via the circulatory system.
The data reveal that the media in which the
vitamin A is topically applied have an influence
upon the percutaneous absorption and perhaps
also the utilization of the vitamin (Tables I—VT
and Figs. 14—17). Corn oil is a better transporta-
tion medium for vitamin A than is cottonseed
oil. Since it is known that cottonseed oil has a
small vitamin E content and corn oil has con-
siderable amounts of the vitamin, it may be that
vitamin E acts synergistically with vitamin A
when they are both topically applied and may
account for the difference in the effectiveness of
corn oil and cottonseed oil as transporters of
vitamin A. Investigations are being pursued to
ascertain the validity of this hypothesis.
Another difference in the efficiency of transpor-
tation media for vitamin A may be seen in a
comparison of D-ointment with E-ointment.
While both ointments permit the transfer of
vitamin A across the skin, D-ointment with its
petrolatum-lanolin base has a quite benign effect
on the skin of the rat and, conversely, E-ointment
produced a highly disoriented skin structure.
These observations indicate that a medium can
be a good transporter of vitamin A across the
skin and still disrupt the natural structure and
function of the skin.
Several theories have been advanced con-
cerning the mode of action of vitamin A on the
skin. Lowe et cii. (11) claims that vitamin A exerts
a restraining effect on the dehydrogenation of
cholesterol and sterols to j3 naphthalenic com-
pounds. Flesch (4) states that vitamin A, when
applied in large doses, has a direct local non-
specific drug effect on epidermal cells. It was
postulated that the basis of the antikeratinizing
action of vitamin A was due to the unsaturated
double bonds in the molecule which, like other
unsaturated lipid-soluble compounds, interferes
with sulfhydryl metabolism.
Our present investigations seem to indicate
that vitamin A is necessary for the normal
reproduction of the basal cells of the skin. When
the basal cells are deprived of vitamin A, the
rest of the derived cells are "A"-deficient. When
the basal cell is exposed to vitamin A, the
derived cells produce normal skin.
While the mode of action of vitamin A on the
skin is still not completely known, the present
investigations demonstrate, probably for the
first time, that considerable amounts of vitamin
A can be transferred through the skin. Previous
reports, supported by histological evidence, imply
that vitamin A is transported through the skin
(27—30); however, substantial chemical evidence
of transfer has not been demonstrated (3 1—38)
and recent reviews express doubt that true
transfer has been demonstrated (35, 39). On the
other hand, the topical application of vitamin D
has been shown to be effective as measured by
the healing of rickets (1, 2, 40). Despite the
controversy, the studies herein reported and
others in progress comparing the transfer through
normal and "A"-depleted skin, indicate that
percutaneous absorption of vitamin A is possible.
Further studies are necessary to determine
whether these findings are applicable to the skin
of other species, particularly that of humans.
5UMMARY AND CONCLU5ION5
1) It has been demonstrated that vitamin A
is absorbed through the skin of the vitamin A-
deficient albino rat as evidenced by chemical and
histological observations.
2) The amount of vitamin A found stored in
the liver and kidney, the amount found circu-
lating in the blood stream after 28 days of
topical applications, and the utilization meas-
ured by the increase in body weight after deple-
tion varies with the concentration of the vitamin
applied, the medium of application and the
physical condition of the animal at the time of
depletion.
3) When vitamin A was applied in corn oil,
the stores and growth of the animals were
greatly enhanced as compared to application of
the vitamin in cottonseed oil.
4) Of the ointments tested, the petrolatum-
lanolin based ointment was found to be superior
in its over-all action. Although it did not facili-
tate the highest storage of Vitamin A, it was
found to be completely harmless to the skin
structure of the rat.
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5) Water dispersing agents, such as Tween 20,
while possibly enhancing percutaneous absorp-
tion, have a detrimental action upon the skin
structure.
6) Although vitamin A in a suitable medium
can be transferred through the skin of the "A"-
depleted albino rats for several weeks, at least,
remission from the "A"-deficiency of the skin
occurs only at the site of application and not at
neighboring sites. Discussion of the factors
probably related to this phenomenon is made.
7) A theory concerning the "induction"
period of normal skin development and its rela-
tion to vitamin A is discussed.
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